SUMMARY: An analysis of the influence of the uniform stellar rotation on masses and radii of convective cores of zero age stars is presented. The study also shows the dependence of the relative mass of the convective core on the parameters in the center (temperature, pressure) and on the surface (effective temperature, luminosity) of the star.
INTRODUCTION
The first models of slowly rotating stars in radiative equilibrium were given by Milne (1923) . Later, they were generalized by Chandrasekhar (1933) , and applied to polytrophic, quasi-spherical configurations that rotate like solid bodies whose equipotential surfaces coincide with the surfaces of constant pressure.
The first detailed models for the case of fast rotation, with more realistic energy generation laws and opacity laws, as well as the surface conditions, were calculated by Faulkner et al. (1968) . Sackmann (1970) calculated 60 models of stars on the Main sequence with masses in a range from 0.8 to 60 m S (Solar masses), with angular velocities of rotation ranging from zero to the critical one, by using the double approximation method, while Kippenhahn and Thomas (1970) used their own method to consider uniformly rotating stars with 1, 5 and 15 m S . In addition, Bodenheimer (1971) used the Self Consistent Method for a case of differential rotation in order to calculate models of massive MS stars. Sreenivasan and Wilson (1989) compared the effects of differential rotation on convective cores of massive stars with the effects of rigid rotation. Deupree (2001) presented the results of the static structure and a hydrodynamic simulation of zero age Main sequence models of rotating stars with masses between 3 and 20 m S . The influence of rotation on the evolution and on lifetimes of different evolution phases of massive stars was investigated by Meynet and Maeder (1997 , 2002 .
The existing models of rotating stars, although not homogeneous in the choice of the initial assumptions, structural equations and the calculating methods, undoubtedly show unequal influence of rotation on the structure of different regions in the stellar interiors. Accordingly, one can expect influence of rotation on the mechanisms of energy transport, which is the main purpose of this study.
BASIC EQUATIONS
A model of a star with a given mass and uniform chemical composition, in stationary rotation around fixed axis is considered; the star is isolated in space and its electromagnetic field is neglected. In this case the resulting gravitational force g is given by the effective gravitational potential Ψ: g = ∇Ψ, and the shape of the local equipotential surfaces of rotating star depends on the model. The structure of the zero age stars is calculated by numerical integration of the following differential equations:
or
According to Kippenhahn and Thomas (1970) 
gdσ and
where S p is the area of the equipotential surface Ψ=const., at the average distance r p from the center of the star; the local equipotential surfaces of the model coincide with surfaces T,p,ρ = const. (ex. Tassoul 1978) . The constitutive equations of the model are:
with µ −1 = X + Y/4 + Z/16 = const.; X, Y, Z are mass fractions of hydrogen, helium and heavier elements respectively, where the atomic mass of oxygen is taken as the average value for all metals.
where
the opacities κ 1 , κ 2 , κ 3 are calculated by interpolation formulae for pure absorption (Henyey et al. 1959 , see also Angelov 1972) The mechanism of the energy transport at local equipotential surface is defined by Schwarzschild criterion:
Since the model deals with average radii of the equipotential surfaces, their shape does not much differ from the spherical, and the influence of rotation on the structure of spherically symmetric star is small:
where Θ is spherical coordinate, and
is second order Legendre polynomial. Eqs. 1 are solved by the technique of Kippenhahn and Thomas, with the algorithm used by Petrovic (2001) . For the analysis of the local structure at the border of the convective and radiative regions, additional algorithms were constructed in this work. They are used to determine the coordinates of the cross sections of the curves that show the values of adiabatic and radiative gradients throughout the interiors of not rotating and rotating stars with different masses. These coordinates express the values of the temperature gradients, as well as the relative radii and relative masses at the equipotential surface with ∇ rad =∇ ad . The numerical integration was carried out within 0 < M P < m (0 < r P < R), where R and m are the average radius and the total mass of the star; for the spherically symmetrical model (Ω = 0): r = r p and f p , f T =1.
THE RESULTS
Numerical calculation of the structure of MS (zero age) stars was carried out. The models consider stationary rotation of solid body type, for stars with given mass m, constant angular velocity Ω, and uniform chemical composition (X=0.75, Y=0.23, Z=0.02, with fraction of nitrogen N=0.3·Z). Models for 26 stellar masses, mamely m mS =: 0.8, 1, 1.2, 1.4, 1.5, 1.6, 1.7, 1.8, 2, 2.25, 2.5, 2. 75, 3, 4, 6, 10, 15, 20, 25, 30, 40, 50, 60, 80 , 100 and 120 were formulated. For each mass m, the value of the angular velocity is varied from Ω = 0 (spherically symmetrical model or "model I" hereinafter) to the critical angular velocity, Ω = Ω max (model on the border of dynamical stability or "model II" in the following). According to the Schwarzschild criterion, the equipotentional surface, with a given radius r p , is in stable radiative equilibrium if ∇ rad <∇ ad ; otherwise, the convection is dominant mechanism of energy transport. The models do not take into account the convection on the surface of the star. Fig. 1 shows the values of adiabatic and radiative gradients through the interiors of stars with 2, 20, 120 m S for the rotation with critical angular velocity. It can be seen that, because of the small changes of the adiabatic gradient, the mechanism of energy transport depends mostly on the changes of values of the radiative gradient, which are faster and bigger. In deep stellar interiors, which contain the cores of the stars, the energy is transported by convection (∇ rad >∇ ad ), while the regions close to the surface of the star are in radiative equilibrium (∇ rad <∇ ad ). The equipotential surface with∇ rad =∇ ad defines the border of the two regions with different mechanisms of energy transport, which is also the border of the convective core of the star. For every stellar mass m, the influence of rotation on relative radius r f ≡ r/R of the core (R and r are the average radius of the star and its core, respectively) as well on the relative mass q f ≡ M p /m of the core, is analyzed in this work. The dependence r f (m) is shown in Figs. 2a,  2b . The curve for the spherically symmetric models has minimum at 1.2m S ; for rotating models the minimum is "unstable" and lies in the range (1-1.3) m S . For both types of models and for m>1.4m S , the dimensions of convective cores increase as the stellar mass increases. On the other hand, rotation diminishes the dimensions of the convective core for the given mass m, and they are the smallest in critical rotation: the values of [r f (I)-r f (II)] increase with the stellar mass for 1.4m S <m<40m S , and are almost constant for m>40m S .
Figs. 3a, 3b show the influence of rotation on the relative radius of convective core of the star. As Ω increases, the border of the core moves fast toward the center of the star, and the dimensions of convective core are the smallest for the case of critical rotation. Table 1 shows the numerical values of ∆r f =[r f (II)-r f (I)] and the average radius of the convective core for both types of models. |∆r f | is in a range from ≈ 0.03 to 0.08, while the relative changes are in the interval 15-22%. The dependence q f (m) is shown in Figs. 4a, 4b. The mass q f has the minimum for 1.2m S , for spherically symmetric models, and for 1.4m S in the case of critical rotation. For higher value of m, q f increases with the stellar mass. On the other hand, the rotation decreases the mass of the convective core, the largest change being at the critical rotation, except for m<1.4m S when q f increases monotonially with the decrease of the stellar mass, and ∆q f =[q f (II)-q f (I)]>0. As can be seen from Table  2 , the relative increase of the mass of the convective core is highest for 1.2m S (6.6% compared to spherically symmetric model, or 1.8% of the mass of the whole star), while the lowest decrease is for 40m S (4% compared to spherically symmetric model, or 2.5% of the mass of the whole star).
The value of the temperature gradient at the border of the convective core decreases with the increase of the stellar mass, for both type of models (Fig. 5) . On the other hand, rotation increases the value of ∇; the highest relative changes (0.8%) are for 20m S (Fig. 6) .
Figs. 7, 8 show the influence of rotation on the changes of q f with the parameters at the surface, luminosity L and effective temperature T eff . As can be noticed, q f increases with the increase of luminosity for both rotating and non-rotating models, which is related to the fact that L and q f increase with the increase of the stellar mass. On the other hand, the curve q f (T eff ) has a minimum at 1.2 m S for spherically symmetrical models, and at 1.4 m S for models with critical rotation. For higher T eff , ∆q f >0 as q f (II) increases faster than q f (I).
Figs. 9, 10 show the influence of rotation on the dependence of q f on parameters in the center of star. For both type of models q f (p C ) decreases very fast for p C <4×10 16 dyne/cm 2 . At higher central pressures, the changes of q f are slower, and for p C >8×10 16 dyne/cm 2 the value of M p turns out to be constant (with small oscillations) in about 30% of the mass of the whole star (Fig. 9) . The dependence q f (ρ C ) is very similar to q f (p C ), and q f reaches the constant value for ρ C >30 g/cm 3 . The negligible minimum q f (T C ), Fig. 10 , at 1.2 m S for spherically symmetric models (1.4 m S for rotating models), and the fact that q f is practically constant at low central temperatures T C , are related to the changes in q f (p C ), q f ( ρ C ): for low stellar masses (low values of Tc) the values of p C , ρ C are the highest and q f ≈ const.
CONCLUSION
The analysis of the results shown in this study emphasizes a "critical" mass of the star, or rather, a characteristic interval (1.2-1.4 m S ), in which a qualitative changes in the local structure of both spherically symmetric and rotating stars occur. It is related to the fact that, in this interval of stellar masses, the CNO cycle of thermonuclear reactions of hydrogen begins to dominate pp cycle of reactions, which changes the heat regime of the star in hydrostatic equilibrium and the structure of the regions in radiative and convective equilibrium; rotation additionally changes the stellar structure. A characteristic value of 1.6 m S was registered in the models of Petrovic (2001) , while in the models of Sackmann (1970) it was 1.4 m S . Also, by analyzing the observed values of masses and radii of components of binary systems, Angelov (1996) found a critical mass in the interval (1.2-1.4 m S ).
The critical value of the stellar mass also depends on the chemical composition and the opacity, which is not the topic of this work. In any case, the rotation of the stars on the Main sequence alters the distribution of mechanisms of energy transport, and thereby the structure, dimensions and masses of the regions in radiative and convective equilibrium.
